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ABSTRACT 
Effect of Overall Indispensible Amino Acid Levels 
on Performance of Broiler Chicks 
by 
Jack o. Kelly, Master of Science 
Utah State University , 1985 
Major Professor: Dr. Jay o. Anderson 
Department: Animal, Dairy & Veterinary Sciences 
v 
An attempt was made to determine the effect of overall 
indispensible amino acids (IAAs} level on growth rate and efficiency of 
broiler chicks. There were two overall levels: the low (8.33% IAA, 
17.6% CP containing all IAAs at the minimum requirement found in 
preliminary studies), and the high (10.77% IAA, 21.5% CP with IAAs 
increased by 28%). Both diets contained 13.7 Mega joules ME (3277 Kcal) 
per kilogram. 
These two diets along with other variations of the two diets were 
fed to Hubbard chicks. Growth rate , with the low IAA diet was as good 
as with the high, but feed efficiency was significantly better for the 
high. When one of the IAAs was reduced from the higher to the minimum 
estimate, feed efficiency was better than the low overall diet. 
Two additional diets with the low levels of IAAs and dispensib l e 
amino acids increased were fed to male Hubbards . Protein level was 
vi 
increased by the addition of DAAs but did not improve either growth rate 
or feed efficiency. Therefore, it was concluded that feed efficiency 
was not improved by increasing DAAs alone. 
(44 pages) 
INTRODUCTION 
The production of broilers in the world has increased greatly 
because broilers have become a low cost source of animal protein in the 
diets of people from all over the world. As the population grows so 
does the demand for food. In order to meet such demand, scientists have 
developed birds that gain rapidly with the best efficiency. There are 
several factors which affect these two parameters: disease, environment, 
management, genetics , and nutriti on . The experiments herein were 
conducted to evaluate one aspect of the nutritional factor. 
Feed costs are about 65% of the total production cost; therefore, 
it is necessary to have a well balanced diet which will allow the most 
rapid and efficient growth. With growing broilers most of the cost is 
for protein and energy. This thesis will deal with proteins. Proteins 
are made up of 20 different amino acids. Ten of which have to be 
supplied in the diet because the birds cannot manufacture them. These 
are called indispensible amino acids ( IAAs). Improper proportions of 
the IAAs can cause poor performance. Many experiments have been 
conducted to estimate the minimum leve ls of IAAs needed to avoid poor 
performance and such estimates have been called 'minimum requirements•. 
Dobson et al. (1964) proposed IAA levels that make a well-balanced diet, 
but these were not minimum estimates. 
The sum of the individual requirements is often assumed to be the 
overall IAA level required in the diet. However, such is no t the case 
in young poults. Warnick and Anderson ( 1973) found that poults fed a 
diet with the minimum requirement levels of all IAAs {a diet which had 
12.12 ~ IAAs and 28~ CP). These poults showed poorer growth and feed 
efficiency than poults fed a diet containing 14~ IAA and 28~ CP. They 
also found that by increasing nine of the IAAs to the higher level and 
leaving one at the minimum requirement, growth and feed efficiency were 
as good as with the diet containing all the IAAs at the high l evel--IAAs 
at 14 % of the diet. Thus, performance was not limited by having any one 
of the IAAs at the minimum requirement. Performance can be improved by 
increasing some of the less expensive IAAs to high levels if this does 
not cause any imbalances. 
Dobson ~ ~ ( 1964) did not study the effect of overall IAA level 
of the diet on performance of broiler chicks. The NRC (1984) placed the 
protein requirement of the chick at 23%. When diets are made with 
common ingredients, the overall IAA level is about 50% of the protein 
level. So a com mercial diet with 23% protein would have about 11.75% 
IAAs. The sum of the NRC requirement is 9.26%. Thus commercial diets 
have levels of IAAs above the minimum requirement. How much do these 
excesses influence performance? This research is designed to help 
answer this question. 
A specific purpose of this research to be reported in this thesis 
was to study the effect of overall IAA level on broiler chick 
performance by feeding certain diets with levels of IAAs above levels 
considered as minimum requirements. The minimum requirements would be 
determined first using diets which were first similar in composition to 
the diets fed in the studies of the effect of overall levels, and 
second , diets which contained more of a ll IAAs than the NRC 1984 minimum 
requirement. 
The first experiments were conducted using wheat-soy-amino acid 
diets containing 22% protein and 11% of IAA in the proportions Dobson et 
~ (1964) found to be well balanced. Three experiments in this thesis 
were conducted in 1984 and are reported here as well as some unpublished 
work. 
Determining the exact IAA requirements in the diet would be an easy 
task if an amino acid mixture provided all protein building blocks. 
However, in reality, chicks do not perform as well when fed this type of 
diet as they do when fed diets based on some common feedstuffs with 
intact protein. Therefore, the diets fed in all the experiments herein 
were based on a mixture of a high protein wheat, soybean meal, and amino 
acids. A comparison of performance of chicks fed minimum requirement 
levels and higher levels can be made without knowning the exact amino 
acid levels present in the intact protein. The results presented herein 
are given, in part , in terms of a diet which has the minimum requirement 
level of all IAAs. However, if these results should be applied to 
different situations, it becomes necessary to have good estimates of all 
amino acid levels provided by the wheat and the soybean meal . 
LITERATURE REVIEW 
Minimum Requirement of Indispensible Amino Acids 
in Broiler Chicks 
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Indispensible amino acid (IAA} requirements of the broiler chicks 
have been studied very extensively. These estimates vary from study to 
study. Agricultural Research Council, ARC, (1963) published a 
compilation of minimum requirements for specific amino acids. At the 
time there was little known about the interaction among amino acids and 
effects of age of the bird and dietary energy and protein content of the 
di e t. The usual method to determine the minimum requirement for a 
s pecific amino acid consisted of feeding a basal diet adequate in all 
IAAs except for the one in question which would be fed at graded levels 
(Edwards et ~' 1956; Fisher et ~, 1957; Griminger and Scott, 1959). 
The other method is when all IAAs are considered together (Glista, 1951; 
Klain et ~, 1960; Dobson et ~' 1964; and Dean and Scott, 1965). 
Members of the National Research Council review results of tests 
conducted to determine minimum requirements and publish their estimates 
periodically. The 1984 edition is the latest. 
Such requirement estimates have been determined by either using a 
diet based largely on synthetic amino acids (Dean and Scott, 1965; 
Zimmerman and Scott, 1965; Baker~~, 1968; Huston and Scott, 1968; 
Netke ~ ~, 1969; Boomgaardt and Baker, 1971; Graber~~, 1971; 
Sasse and Baker 1971, 1973) or the conventional approach of feeding most 
5 
amino acids as intact pro tein from fe eds tuffs deficient in the amino 
acid t o be studied (Krautmann ~ ~, 1958 ; Nelson~~, 196U; Calet , 
196 7; Bornstein, 1970; D'Mello w and Lewis, 1970a; Hewitt and Lewis, 
1972a; Boomgaardt and Baker 1973a,b; D'Mello 1974). 
Chicks need IAAs or protein in the diet to replace old tissue as 
well as for feather and bo dy growth. Amino acid co mposit ion of the 
carcass and feathers has been used to develop equations to predict the 
IAAs minimum requirements (Hurwitz et ~, 1978, 1980) . 
The performance of young chicks has been found to be influenced by 
a disproportion of IAAs in the diet--imbalanced diet . Imbalances occur 
when at least one of the IAAs is in excess and inhibits another IAA that 
might be limiting. Mathew (1968), Allen et ~ (1 972 ), and Allen and 
Baker ( 1972) reported that excess dietary lysine influence the arginine 
utilization negatively. Anderson and Dobson (1959) found that the 
arginine requirement was higher when casein, a very good source of 
lysine, was the main protein in the diet. Specific arginine-lysine 
antigonism has been proposed (Klain et ~, 1959; Fisher et !!..!.=_, 1960 ; 
J ones , 1964; Dean and Scott, 1968). Allen et ~ ( 1972) reported that 
the efficacy of arginine declines in a linear regression with exc~ss 
lysine. Similar results were obtained by D'Mello and Lewis ( 1970a). 
Leucine, isoleucine, and valine interact with each other when given 
in excess or disproportionated levels (Harper et ~, 1954; D'Mello and 
Lewis, 1970b; Allen, 1971; Allen and Baker, 1972,). An excess of 
methionine in the diet affects glycine or serine utilization (Benevanga 
6 
and Harper, 1967), as well as that of threonine (Girard-Globa et ~, 
1972; Katz et ~' 1973). 
The feedstuffs used in determining the minimum requirements of IAAs 
can also af feet the results. The protein source used most in the u.s.A. 
is soybean meal. Many experiments conducted to estimate sulfur amino 
acid requirements have used soybean meal as the main protein supplement. 
In order to obta in accurate requirement estimates, it is necessary to 
know how much of each IAA is in the diet as intact protein. 
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MATERIALS AND METHODS 
Minimum Requirement Estimates 
Feed Analysis 
Methods of making good estimates of amino acids in a feed are 
better than in the past, but the procedures are not perfect. The high 
protein wheat used here was analyzed for amino acids by a commercial 
laboratory. Appendix B shows levels reported by the laboratory and 
those reported by a recent publication as well as the results from the 
Utah State Experiment Station. However, the laboratory levels seemed 
too low because the sum of all amino acid levels was 14.92% and the 
actual protein content was 17% (N * 6.25). Therefore, a chick assay was 
carried out to estimate the IAAs in the wheat by the procedure described 
by Anderson and Warnick (1969}. These values also are given in Appendix 
B, column 3. Similar chick tests were conducted with soybean meal and 
results are given in column 6. The IAAs levels assumed for wheat and 
soybean meal in our calculations are those given in columns 3 and 6 of 
Appendix B. 
Estimates of IAAs Minimum Requirement 
for Broiler Chicks (1983) 
The complete diet consisted of amino acids, wheat, and soybean 
meal, along with sources of other nutrients in proportions considered to 
8 
make a well balanced diet according to commercia l standards. This diet 
contained 22% protein and a total of 11.0% IAAS and was similar to the 
high level diet fed in 1984 tests. Each minimum r equirement es timate 
was made by feeding a diet with nine of the IAAs at levels considered in 
excess of the requirement and the one IAA being determined at graded 
levels. Performance with each diet are given in Appendix C as a 
fraction of the complete diet. The minimum requirement was the lowest 
level which would produce 
efficiency. 
near optimum growth rate and feed 
All chicks used in experiment one and two were Hubbard broilers 
(strain A). Male chicks of the Hubbard female line were used in 
experiment three. These were supplied by commercia l hatcheries. The 
broiler chicks were feather- sexed soon after arr i val. Males and females 
were separated and fed a commercial type chick starter prior to the 
distribution to e xperimental groups of 5 chicks. They were housed in 
Oakes hea ted battery brooder with raised wire floors. Experimental 
diets and water were given ad libitum. At the beginning and at the end 
of each test , chi cks were weighed as a group. Gain and gain/feed ratios 
were calculated on a group basis. The duration of the tests varied from 
12 to 14 days. Data in all experiments were subjected to analysis of 
variance and LSD was determined if F-ratio was significant. 
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Experiment One (1984) 
The objective was to reestimate minimum requirments for arginine , 
lysine, and methionine because of the results in 1983. Therefore, the 
procedures used here for this experiment were the same as in 1983. 
Experiment Two 
The first objective of this experiment was to compare two IAA 
overall l evels with male and female broiler chicks. Table 1 shows the 
composition of the diets used for experients two and three. The low 
overall diet had all IAAs at the minimum requi rement estimates. All 
IAAs were increased by 28% to make the high IAA overall diet. The two 
diets were randomly assigned to three groups of males and three groups 
of females. Data obtained from this study were analyzed by a 2*2 
factorial analysis. 
The second objective of this experiment was to determine how much 
reducing individual IAAs to the l ow level would affect performance. In 
each of the ten diets, nine IAAs were fed at the high level and one at 
the low level. Ten different treatments were fed to at l east four 
replicates--two males and two females. Data obtained from each of the 
treatments were then compared to the l ow and high IAA levels. 
Experiment Three 
The first two objectives of this experiment were similar to 
experiment two. However, for the second objective, only six modifica-
tions with individual IAAs at the low l eve ls were tested: lysine, 
leucine, valine , phenylalanine & t yrosine , methionine & cystine, and 
tryptophan. 
10 
TABLE 1. Composition of the basic diets and calculated IAA levels 
in these diets , 1984 
Basal 
Wheat, soaked 
Soybean meal 
Fat 
Starch 
Vitamins a 
KHC0 3 
Dica l cium phosphate (18.5% P) 
Limestone 
Trace rnineralsb 
Epsom salts 
K2so4 
Varied 
Sucrose 
Salt 
NaHC0 3 
Glutamic acid 
Amino acid mixture 
Amino Acid Mix 
Arginine, FB 
Histidine HCL, H20 
Lysine HCL 
Leucine 
Isoleucine 
Valine 
Phenylalanine 
Tyrosine 
Tryptophan 
Methionine, FG 
cystine 
Threonine 
Glycine 
Glutamic acid 
Na Glutamate 
Calculated Analysis 
IAA % 
Protein % 
M.E. MJ/Kg 
CA % 
p % 
Minimum 
111.2 
2.6 
3.5 
22.73 
2.28 
.015 
5 .9 
1.01 
.9 
1. 37 
.18 
1. 53 
.88 
2.21 
6.45 
8.33 
17.53 
13.7 
.8 
.425 
g/kg 
575 
115 
35 
96 
4 
23.6 
8.5 
.6 
.8 
.5 
High 
62 
78 
8.27 
1.5 
9 . 83 
4.5 
3.1 
3.87 
1 
2.8 
• 78 
2 .52 
1.88 
4.3 
8.94 
10 
14.72 
10.77 
21.5 
13.7 
.8 
.425 
11 
TABLE 1. (co ntinued) 
Minimum High 
% 
mine 
Calculated IAA Levels 
Arginine 1. 15 1. 15 1.48 
Histidine .37 .37 .48 
Lysine 1.1 1.12 1. 41 
Leucine 1.2 1.4 1. 55 
Isoleucine .75 .75 .97 
Valine .87 .87 1. 12 
Phenylalanine .817 .911 1.05 
Tyrosine .483 .539 .623 
Methionine .34 .325 .44 
Cystine .34 .375 .44 
Tryptophan .2 .23 .25 
Threonine .72 • 72 .93 
Total IAA, % 8. 33 8.94 10.77 
Protein, % 21.5 
aVitamin mix: vit A, 10,000 IU; vit 03, 2,000 IU; vit E, 33 mg; thiamin 
HCL, 1.5 mg; riboflavin 50%, 2 mg; pyridoxine, 1 mg; niacin, 30 mg; 
folic acid, .a mg; pantothenic acid, 5 mg; biotin 1%, 150 mg; choline 
cl, 60%, 420 mg; bacifern HD, 22 mg. 
bProvided the following (mg): Fe, 151; Mn, 81; Zn, 67; Cu, 6; I, 6+ Mo, 
2; Cr, .68; and Se, .075. 
ciAA % levels used in the diet for third objective of experiment three. 
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The third objective was to determine if a small increase in the 
levels of six amino acids, which appeared to be marginal in experiment 
two, would improve performance. 
The fourth objective of experiment three was to determine if the 
addition of DAAs alone to the d i et with l ow overall IAAs would improve 
performance. Diet 1 contained the same ingredients and leve l s as the 
minimum overall diet listed in Table 1 (8.33%, 1 7.6 CP) . Diet 2 
contained the same as diet 1 except that the Na in NaHco 3 was replaced 
with Na g l utamate. Na glutamate increased the protein from 17 . 6% to 
17.89%. Diet 3 was the same as diet 2 except for the addition of DAAs 
in the form of glutamine , asparagi ne , proline, serine, and glutamic acid 
which increased the protein level to 21 . 5%. Each diet was fed to four 
five-male replicates of strain B. This test lasted 12 days. 
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RESULTS 
Experiments 1983 
Comparison was made of chicks fed diets with 8.22% IAAs ( 16.9% CP) 
and 10.5 % IAA (21.5% CP). The low leve l diet contained all IAAs at the 
estimated minimum requirements obtained in the 1983 preliminary studies . 
Each amino acid level was increased by 28% to make the high level diet. 
Appendix A shows the comparison of the experimental diets used in 1983 
for the low and the high overall diets. 
The results of three tests are given in Table 2 on relative basis 
because the tests varied in length as well as the age of the chicks when 
each test started. In order to do any type of analysis on the data 
collected, it was necessary to compare the low level as a percentage of 
the high overall level for each test. Table 2 shows the results when 
both levels were compared in 1983 . Gain and gain/feed ratio were 
statistically better for the high than for the low. 
In one of these tests, diets with either 3 or 5 IAAs at the minimum 
level were fed and results are given in Table 3. Reducing the levels of 
arginine, lysine, histidine, threonine, and the SAAs reduced performance 
more than reducing the other five. This suggested that one or more of 
the first five were relatively low in the l ow overall diet . 
14 
TABLE 2. Comparison of low vs high overall IAAs ( 1983) 
IAA CP Gain Gain/feed 
Diet % % % % 
Low 8.22 16.92 93b 9 1b 
High 10.50 21.50 100a 100a 
Mean squares found by analysis of variance 
Source df Gain Gain/feed ratio 
Diet 266.70* 425.00* 
Test 2 125.40ns 18.10ns 
Error 20 27.62 7.73 
a,bSuperscripts bearing the same letter are not significant (p<O.OS). 
*Statistically different (p<0 .05 ). 
ns = not statistically different. 
TABLE 3. Effect of reducing levels of certain IAAs to the minimum 
requirement levels on performance of broilers 
IAAs Protein 
IAAs reduced % % Gain Gain/feed 
All 8.22 16.92 304 .565 
2 Arg, Lys, His 9.80 20.30 307 .684 
3 as 2 + SAAs, Thr 9.42 20.03 289 .668 
4 Leu, Ile, Val 9. 72 20.90 313 • 724 
5 as 4 + Phy & Tyr, Trp 9.30 20.70 318 .725 
6 None 10.50 21.50 311 .729 
15 
Experiments 1984 
Ex periment One 
After reviewing the results given in Table 3, and comparing our 
minimum requirement with thos e given by the National Research Council 
(1977), it was decided to reasses ou r minimum requirements for arginine, 
l ysine , and SAAs . Table 4 shows the results of feeding graded l eve l s of 
arginine, l ysine, and SAAs. 
TABLE 4. Graded levels of arginine, lysine, and SAAs 
Ar9:inine L:ts ine SAAs 
Level, Ga in Gain/ Level, Gain Gain/ Level, Gain Gain/ 
'!> diet g feed % diet g feed '!> diet g feed 
.90 306 • 717 1. 00 29 1 .635 .64 318 .698 
1. 00 327 .688 1.05 306 .635 .70 321 .691 
1. OS 307 .695 1. 10 232 .676* .76 327 .724 
1. 10 321 .662 1.15 320 .682 
1. 15 339 .721* 1.25 316 .675 
1. 20 324 .692 
*The ne w estimates for arginine, lysine, and SAAs were: 1.15, 1.1, and 
.68 (previo us unpublished data), respectively. 
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Experiment Two 
The objectives of this experiment were: 1) comparison of 
performance of males and females on both the low and high diets , 2) to 
det e rmine how much reducing individual IAAs to the low level would 
affect performance. 
Table 1 shows the composition of the low and the high diets for 
this e xperiment. Table 5 shows the effect of overall IAA levels on male 
and female performance. 
TABLE S o Effect of overall IAA levels on male and female performance 
Diet Gain,g Gain/feed/ratio 
IAA CP Males Females Mean Males Females Mean 
Low 8o33 17o53 378 351 364 o701 o652 o676 
High 10o 77 2 1.50 373 348 360 0 719 o695 o707 
Mean 375 350 o710 0 673 
Mean squares found by analysis of variance 
Source 
Diet 
Sex 
Diet*Sex 
Error 
df 
8 
Gain 
33ns 
2028* 
Jns 
291 
*Significantly different (p<OoOS)o 
ns = not significant. 
Gain/feed/ratio 
0 00273* 
o00392* 
o00044ns 
o000 28 
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Increasing th e overall level did not impr o v e gain in mal es o r 
females. Howe ver, there was a sex difference , males gained signifi-
c antly more weight than femal es did. Gain/feed ratio was significantly 
better for t he high IAA overall than for the low IAA overal l as well as 
the sex difference. Males were more efficient than females. 
Table 6 gives the relative performance of chicks fed diets in which 
only o ne IAA was reduced to the low level. 
TABLE 6. Effect of reducing individual IAA levels on performance of 
strain A chicks 
Relative 
A.A. reduced to IAA CP 
l ow level % % Gain Gain/ feed 
None 10.77 21.50 100 1 100 1 
Argi n i ne 10.43 21.50 98 96 
Lysine 10.44 21.50 93 97 
Histidine 10. 65 2 1.50 100 95 
Leucine 10.41 21.50 92 100 
Isoleucine 10.54 2 1.50 104 101 
Valine 10.51 21.50 97 102* 
Phe & Tyr 10 .38 21.50 99 94 
Met & Cys 10.56 21.50 99 95 
Tryptophan 10.70 21.50 91 96 
Threonine 10.55 21.50 98 98 
All 8.33 17.53 101 96 
1Equivalent to a gain of 361 grams in 14 days or a gain/feed ratio of 
• 707. 
*Significantly (p<0.05) from a ll. 
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Experiment Three 
The objectives of this experiment were: 1) compare again the low 
and high IAA overall diets with strain B chicks , 2) to determine how 
much reducing some individual I AAs to the low level would affect 
performance, 3) to determine if performance can be improved by 
increasing the levels of l ysine, leucine, valine , phe & try, met & cys, 
and tryptophan to higher levels than the minimum requirement, and 4) to 
determine if performance can be improved by increasing the DAAs alone. 
Table 7 shows the results of the effect of overall IAA level on 
strain B male performance. There were no statistical differences in 
gain between the two overall le vels, but gain/feed ratio was 
significantly better for the high l evel. 
TABLE 7. Effect of overal l IAA l evel on performance of strain B males 
IAA CP Gain Gain/feed 
Diet % % g ratio 
Low 8.33 17.53 312a .714b 
High 10.77 21.50 316a • 776a 
Mean squares found by analysis of variance 
Source 
Diet 
Error 
df 
6 
Gain 
41 
145 
Gain/feed ratio 
.007321* 
.000218 
a,bSuperscripts bearing different letter in each column are statistic-
ally different (p<O.OS). 
*Significantly different (p<O.OS). 
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Table 8 sho ws the results o f reducing six indivi d ual IAAs t o the 
l o w l eve l (the second objective o f expe riment three). 
TABLE B. Effect of reducing individual IAA levels on performance 1 
--------
Relative 
Amino acid reduced IAA CP 
Group to low leve l % % Gain Gain/feed 
A None 10.77 21.50 100 2 1002,a 
Lysine 10.44 21.50 99 96b 
Leucine 10.41 2 1.50 98 9Ba 
Valine 10.51 2 1.50 103 99a 
B 
Phe & Tyr 10.38 2 1. 50 95 96b 
Met & Cys 10.56 2 1.50 10 2 99a 
Tryptophan 10.70 21.50 97 97a 
c All 8.33 17. 53 98 92c 
1All treatments had at l east four replicates. 
2Equivalent to a gain average of 316 grams and a gain/feed ratio average 
of .776. 
a,b,cValues in the same column with different superscripts differ 
significantly (p<.OS); ignore comparison between pairs of amino acids in 
group B. 
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Table 9 sho ws the results of co mparing two different IAA l e vels 
(the third o bject ive o f experiment three ). 
TABLE 9. Comparison o f two minimum overa ll IAAs levels 
I AA CP Gain Gain/feed 
% % g ratio 
Low 
(min) 8.33 17. 53 312 .714 
Low 
(new min) 8.94 21.50 316 .725 
Mean squares found by analysis of variance 
Source 
Diet 
Error 
df 
6 
Gain 
40.5ns 
83.2 
Gain/feed ratio 
.00014ns 
• 00105 
1Both treatments consisted of four replicates. 
ns = not significant 
1 
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Table 10 shows the results from adding DAA to diets with the low 
IAA overall level (the fourth objective of experiment three). 
TABLE 1 o. Addition of DAAs to minimum IAA overall diet 
IAA CP Gain Gain/feed 
~ % g ratio 
8 . 33 17 . 53 312 • 717 
8.33 17.89 303 • 709 
8.33 21.50 307 . 721 
Mean squares found by anal ysis of variance 
Source 
Diet 
Error 
ns not significant 
df 
2 
9 
Gain 
79 . 7ns 
187.2 
Gain/feed ratio 
.000131ns 
.000281 
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Table 11 is a s ummary of results with males of strains A and B. 
The results are given in percentage basi s of the average of the high 
levels. Even though two different male strains were used in two 
different tests, it seems that gain was not affected by the overall 
levels; however, there seemed to be a diet and strain interaction which 
is not s ignificant at p<.OS. Strain B seemed to have been affected more 
by the overa ll level than strain A did. 
TABLE 11. summary of the effect of overa ll IAA levels on strain 
performance of the two strains of chicks 
IAA CP Gain 
Diet % % g Gain/feed 
Strain 
A B A B 
Low 8.33 17.53 101 98 97 95b 
High 10.77 21.50 100 100 100 100a 
Mean squares f ound by analysis o f variance 
Source df Gain Gain/feed ratio 
Diet .214 82.88* 
Strain 5 . 357 17.35 
Diet*Strain 1 5.357 22.88 
Error 10 14.500 5.03 
a,bMeans with different letter are significantly different. 
*Significantly different (p<0.05). 
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DISCUSSION 
The results of the 1983 experiments presented in Table 2 indicated 
that a diet with the minimum requirement levels of all IAAs will not 
produce maximum growth rate or feed efficiency. Results given in Table 
3 suggested that one or more of the first five IAAs were relatively more 
deficient. This led to the first 1984 experiment. 
Results o f the first 1984 experiment (Table 4) are typical of 
results noted when o ne attempts to fix minimum amino acid requirements 
by feeding graded levels of an amino acid. When a near optimum level of 
an amino acid is fed, variation i n response is o ften greater than 
differences due to level. This has been especially true with arginine 
(Appendix C) • 
After reviewing these results, it was decided to increase the 
minimum arginine level from 1.1 to 1.15%, the minimum lysine level from 
1.07 to 1.1%, and the minimum SAA level from .66 to . 68%. Minimum 
histidine level was increased from .36 to .37% because the levels of the 
other two basic amino acids were increased. These increases were made 
because it appeared that the lower level was not producing maximum 
performance in each case. It is recognized that statistically non-
significant differences were considered. The relatively better 
performance noted with the low or minimum level diet in the 1984 
experiments suggests that the increases were justified. 
The rate of gain with the low IAA diets was greater than expected. 
Hubbard chicks were fed graded levels of protein and fat to obtain data 
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used to develop equatio ns describing t he effec t o f dietary prote in and 
energy l e vel s on p e rformance from to 2U days of age (Nakhata and 
Anderson, 1982). Their equation for gain p redicts that a diet with 
21.5% pro tein and 13.7 kj ME / g would produce a gain of 389 g, while a 
diet with 17.53% protein and the energy level used here would produce 
35 2 g gain f o r a r e lative gain of 90. The 14-day gain of 364 g, noted 
in experiment 2 in Table 5 with the 17.53% protein diet, was as high as 
with the 21.5% protein diet. This indicates that the ingredients used 
in the 1984 experiments were more efficacious and/or that the minimum 
amino acid l e vels identified in these limited experiments are more 
effective for gain. The protein in the mixture of ingredients fed by 
Na k hata and Anderson ( 1982) was considered high quality by commercial 
standards, but a 17.53% protein diet would be deficient and not too well 
balanced by the new standards. 
The low IAA di e t contained 8.33 % IAAs; this is only 90% of the 
overall sum of minimum requirements given by the National Research 
Counc il (1984). This sugges ts that the recommended levels are in excess 
of the chick ' s need. 
Gain/feed ratio was increased by increasing the protein and IAA 
levels in both experiments 2 (Table 5), and 3 (Table 7 ). Since the 
di e ts fed were essentially isocaloric, dietary energy level is not a 
factor in this difference , only the energy/protein ratfos were 
different . The chicks were able to gain rapidly on the low IAA diet, 
but they consumed more feed to make this gain. 
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Chicks fed the low IAA-protein diet used protein and IAAs more 
efficiently, but those fed the higher protein l evel used energy more 
efficiently (Table 12). These poults were fed diets based on the same 
high protein wheat used in the chick experiments , soybean meal, and an 
amino acid mixture. Poult data are from a report by Anderson ( 1983). 
Overall IAA level made the greatest difference with the strain of each 
species with the highest feed efficiency. 
TABLE 12. Effect o f dietary overall IAA l eve l in strains of chicks 
and turkey poults differing in efficiency of feed 
utilization 
Diet IAAs, % 
Protein, % 
Met. energy, KJ/g 
Gain, g/day, Low IAA 
High IAA 
Gain/feed 
ME cons./g 
Low IAA 
High IAA 
gain 
Low IAA 
High IAA 
Prot. cons./gain 
Low IAA 
High IAA 
IAA cons . /g gain, g 
Low IAA 
High IAA 
Turke:z: Eoults 
Low High 
IAA IAA 
12.76 14.25 
23.36 28 .00 
12. 34 12.33 
Strain 
A B 
28.8 26.6 
30.4 29.1 
.728 .741 
• 730 .762 
16.95 16.65 
16.9 16.2 
• 348 .342 
.383 .367 
.175 .172 
.195 .187 
Chicks 
Low High 
IAA IAA 
8 .33 10.77 
17 .53 21.50 
13.70 13.70 
Strain 
A B 
27.0 26.0 
26.6 26.3 
.701 .714 
.719 .776 
20.2 19.2 
19.4 17.7 
.250 .246 
.299 .277 
.119 .117 
.150 .139 
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Even though the gains were the same for both IAA levels in Tables 5 
and 7, a differe nce in body composit i on should be present because of the 
differences in energy/protein ratio in the diets. Nakhata and 
Anderson's ( 19 82) equation for lipids in the d ry matter of the carcass 
predicts a reducti on from 40.2% at 17.53 % protein to 34 . 9% at 21.5% 
protein with the energy level in these diets. Donaldson et ~ ( 1956 ) 
found that fat content of the carcass varied with the energy/protein 
ratio of the diet fed. The greater the ratio the fatter the carcass. 
Hewitt and Lewis (1972b) reported that by widening the energy/protein 
ratio from 66 to 108 KJ/gram of protein carcass fat increased from 7.2 
to 13%. 
Increasing the DAA l evel alone (Table 10) did not improve 
performance in experiment 3, indicating that the DAAs in the low IAA 
diet were sufficient to allow rapid growth. While it would be 
interesting to know how much increasing the IAA level alone would affect 
performance, this is not practical. 
It is assumed that if one of the indispensable amino acids is low 
in relation to the others, growth will be inhibited to that particular 
amino acid. Therefore, the s um of the individual IAA seem to be the 
overall requirement. Another objective of this work was t o determine if 
the chick 's performance is influenced by overall IAA level once the 
minimum requirements are met as Warnick and Anderson ( 1973) found with 
turkey poults. The Hubbard broiler chick's performance in experiment 2 
showed little correlation with overall dietary IAAs levels. Reductions 
noted when individual IAA were reduced to the low level (Table 6) must 
be the result of amino acid imbalances since the l ow IAA diet produced 
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good performance. In experiment 3 (Table 9 ), the lack of a significant 
inc rease in pe rformance when all IAAs which appeared might be limiting 
in e xperime nt 2 (Table 6) were increased slightly indicates that no 
s ingle amino acid of this group is seriously limiting. 
In experiment 3 (Table B), with males of the Hubbard female line 
in c r e asing the overall level, pro duced only a slight, non-significant 
in c rease in rate of gain but a larger and significant increase in 
gain/feed ratio. Table 11 summarizes the effect of overall IAA on 
perf ormance of strain A and B. Al so , the correlation between dietary 
overall IAA level and gain/feed ratio was .94. These chicks behaved 
more like the turkey poults as can be seen in Table 12. 
A diff e rence in the approach used in fixing the minimum 
requirements may be responsible for the differences in response to 
inc rease in overall IAA level with the two species. In the turkey work 
it was assumed that performance and diet level of the amino acid being 
studied are linearly related up to the minimum requirement level. In 
the chick world , the amino acid produces less response as the optimum 
level is approached. These small differences were recognized.. This 
approach results in higher minimum requirements than if the first had 
been used in the ch ick tests. 
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SUMMARY AND CONCLUSIONS 
Hubbard chicks were fed two overall IAA levels: the low diet (8.33% 
IAA, 17. 53% CP) combined all IAAs at minimum IAA requirements from 
preliminary studies. All IAAs were increased by 28% to make the high 
(10.77% IAA, 21.5% CP) . Both diets contained 13. 7 megajoules ME per 
kilogram. 
These two overall diets along with other modifications of the two 
diets were fed to Hubbard chicks. Growth rate, with the lo w IAA diet 
was as good as the high, but feed efficiency was significantly better 
for the h i gh . When one of the IAAs was reduced from the higher to the 
minimum estimate, feed efficiency was better than the low IAA overall 
diet, indicating that the sum of the minimum IAAs requirements is 
different from the IAA overall requirement. 
Two additional diets were fed with the low IAAs levels, but with 
the protein levels increased with dispensible amino acids (DAAs) alone. 
The addition of DAAs alone did not improve either growth rate nor feed 
efficiency. It was conc luded that feed efficiency cannot be improved by 
increasing DAAs alone. 
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APPEND I CES 
Appendix A 
TABLE 13. Composition of the minimum IAA and high IAA 
diets fed in 1983 tests 
Basal 
Wheat, soaked 
Soybean meal (45%) 
Fat 
Vitamins & antibiotica 
Starch 
Dicalcium phosphate (18.5% P) 
Limestone 
Trace mineralsb 
KCL 
Epsom salts 
K2so4 
Varied 
Salt 
NaHC03 
Sucrose 
Amino acid mixture 
Amino Acid Mix 
Arginine, FB 
Histidine HCL, H20 
Lysine HCL, FB 
Leucine 
I soleucine 
Valine 
Phenylalanine 
Tyrosine 
Tryptophan 
Methionine, FB 
Cystine 
Threonine 
Glycine 
Glutamic acid 
Na Glutamate 
Calculated Analysis 
IAA % 
Protein % 
Minimum 
3 
3 
148.65 
22.75 
3. 25 
5.75 
1.3 
1. 06 
1.56 
.4 
.26 
1.48 
.84 
2.34 
4.51 
g/kg 
560 
112 
35 
10 
70 
24 
DL 
8.5 
.6 
1.2 
.a 
.5 
High 
93.18 
83.22 
6.3 
1.35 
9.5 
4.65 
3.16 
3.96 
.8 
3.14 
.68 
2.4 
1. 74 
4.34 
10.0 
21.1 
10.1 
10.5 
21.44 
ME Kcal/kg 
8.22 
16.92 
3124 3101 
Ca % 
p \ 
.a 
.425 
.8 
.425 
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L 
35 
TABLE 13. (continued) 
Minimum High 
Ca l culated IAA Levels % 
Arginine 1.1 1.405 
Lysine 1. 07 1. 36 
Histidine .36 .46 
Leucine 1. 2 1 . 535 
Isoleucine .75 . 96 
Valine .87 1.11 
Phenylalanine & Tyrosine 1.3 1. 66 
Methionine & Cystine . 66 .84 
Tryptophan . 19 • 245 
Threonine • 72 .92 
aProvided the following (mg): Fe, 5 1; Mn , 81; Zn, 67; cu, 6; I, 6; Mo, 
2; cr, .68; and se, .075 . 
bProvided the following: thiamin HCl, 2.3 mg; riboflavin, 4 
pyridoxine HCl, .8 mg; niacin, 30 mg; folic acid, .2 mg; biotin, .OS 
vit K, 6 mg; DL-alphatocophero l a cetate , 10 mg; vitA , 10,000 IU; 
03, 1,500 ICU; and bacitracin MD, 50 mg. 
mg; 
mg; 
vit 
Appendix B 
TABLE 14. Estimates of amino acid levels in wheat and 
soybean meal (solvent) by several sourcesa 
a% as fed basis 
Missouri Lab (as determined by ion exchange chromatography) 
2 Salmon ( 1984) 
Chick assay (used in calcuation of diets) 
4 Feedstuff (1984) 
5 National Research Council (1977) 
6 Chick assay (used in calculation of diets) 
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Leve l 
Arginine 
o. 775 
0.90 
0.98 
1.01 
1.025 
1.04 
1. 10 
1. 12 
1. 16 
1. 23 
1. 34 
Est. Min. 
Histidine 
0.31 
0.34 
0.37 
Est. Min. 
Lysine 
0.9 
0.9 
0.96 
1.0 
1. 02 
1. 08 
1.1 
1.2 
Est. Min. 
Appendix C 
TABLE 15. Results of experiments conducted in 1983 to 
estimate minimum requirements of IAA 
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Gain Gain/feed Level Gain Gain/feed 
Leucine 
84.5 82. 1 0.92 73 87 
94.2 90.9 0.98 84 96.5 
95.9 93.1 1. 04 95.7 97.6 
97.7 100.5 1. 07 91.5 98.9 
95.6 91.8 1. 15 92.4 99.5 
93.6 97.8 1.2 100.4 99.1 
95.9 95.2 1. 23 96.5 99.7 
96.0 103 1.275 104.5 98.3 
96.6 92.5 1.35 109 101.3 
99.4 99.4 1. 42 97.7 99.6 
102 100.5 
Est. Min. Req. 1.2 
Req. 1.1 
Isoleucine 
• 72 97.3 93.8 
90.2 93.5 • 76 101.2 103 
97.8 96.2 .80 106.6 98.6 
101 99.3 .84 100 99.4 
Req. .36 Est. Min. Req. .75 
Valine 
87. 1 96.8 .80 94.2 93.4 
68.2 81.8 .86 99.2 101.7 
85.4 92.9 .92 102 96 
96.3 100 .98 104.3 97.9 
87.7 90.6 
88.5 86.7 Est. Min. Req. .87 
101 102 
100.3 101 
Req. 1. 07 
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TABLE 15 . (co ntinued) 
Level Gain Gain/feed Level Gain Gain/feed 
Tr:a~toEhan Phen:z::lalanine & T:t:rosine 
.152 77 91.4 1.09 72 87.4 
.172 89.5 101. 1 1. 15 87. Btl. 2 
.177 93.8 92.6 1.21 90.5 9 3.3 
.187 97 100.8 1.27 96.5 95.7 
.192 97.2 98.9 1. 33 97.5 92.9 
.197 95.2 96.8 1. 39 99.3 93.4 
Est. Min. Req. .19 Est. Min. Req. 1.3 
Threonine Methionine (with cystine 
at • 42% of diet) 
0.634 92 94.6 .24 78 95 
0.65 90 93 .24 73 80 
0.68 95 92.4 .27 93 94 
0.684 101.7 102.5 .29 97 102 
0.71 92 102.2 .30 104 102.6 
0.734 104 101. 6 .33 99.4 100 
0.74 98 96 .34 97.4 102 
0.784 95 101.6 .39 101.7 101 
Est. Hin. Req. .72 Est. Min. Req. 0 33 
